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a b s t r a c t
In 1972, the United States Congress enacted §316(b) the Clean Water Act, which mandates
minimization of the adverse impacts of entrainment and impingement of fish and other
aquatic life at cooling water intake structures. Since the Act was passed, there has been
continuous controversy over the magnitude of any such impacts and over the need for
mitigating measures to reduce these impacts. The objective of this paper is to examine the
published scientific information relevant to this issue The review includes (1) peer-reviewed
literature reporting results of studies of impacts of entrainment and impingement at power
plants on fish populations, (2) peer-reviewed literature and ‘‘blue-ribbon’’ commission
reports on aquatic resource degradation that evaluate causes of observed degradation of
aquatic ecosystems, and (3) EPA’s own assessments of causes of degradation in coastal
environments. The clear conclusion from the review is that any impacts caused by im-
pingement and entrainment are small compared to other impacts on fish populations and
communities, including overfishing, habitat destruction, pollution, and invasive species.
The available scientific evidence does not support a conclusion that reducing entrainment
and impingement mortality via regulation of cooling water intakes will result in measurable
improvements in recreational or commercial fish populations.
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journal homepage: www.elsevier.com/locate/envsci
Open access under CC BY-NC-ND license.1. Introduction
In 1972, Congress passed the Federal Water Pollution Control
Act Amendments, 33 U.S. C. §§ 1251 et seq., (popularly known
as the Clean Water Act or CWA), which included a provision
[§316(b)] authorizing the United States Environmental Protec-
tion Agency (EPA) to regulate cooling water intake structures.
Specifically, §316(b) requires that ‘‘the location, design, construc-
tion and capacity of cooling water intake structures shall reflect the
best technology available for minimizing adverse environmental
impact [emphasis added].’’ The adverse impacts that were the
subject of the amendment result from (1) the drawing of fish
and shellfish eggs and larvae into and through the condenser* Corresponding author. Tel.: +1 513 894 4600; fax: +1 513 894 4601.
E-mail address: Barnthouse@lwb-env.com.
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Open access under CC BY-NC-ND license.cooling systems of power plants, where mechanical and
thermal stresses can cause high levels of mortality, and (2)
trapping of fish against the screens that prevent debris from
being drawn into the cooling water intake. These processes are
referred to, respectively, as ‘‘entrainment’’ and ‘‘impinge-
ment.’’ In 1976, EPA issued a rule implementing §316(b);
however, that rule was suspended on procedural grounds in
1977. For more than 20 years beginning in 1977, no rule was in
place and permitting authorities made decisions implement-
ing §316(b) on a case-by-case, site-specific basis. As a result of
a lawsuit initiated by environmental groups, EPA agreed in
1995 to issue regulations implementing §316(b) in 1999. This
deadline was later extended, and the rulemaking was
subdivided into three phases. Phase I would cover new cooling
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structures withdrawing more than 50 million gallons of
cooling water per day, and Phase III would cover existing
intake structures withdrawing between 2 and 50 million
gallons per day. EPA issued the final Phase I rule in 2001 [FR
66(243):65255-65345]. EPA issued a final Phase II rule in 2004 [FR
69 (131):41575-41693]. This rule was suspended in 2007 after
several key provisions were overturned by the U. S. 2nd Circuit
Court of Appeals. EPA issued a final Phase III rule in 2006 [FR
71(116):35006-35046]. In 2011, EPA proposed a new rule that
would be applicable to both Phase II and Phase III facilities [FR
76 (76):22174-22288].
All of these rules continue to be controversial because of
the perception that valued aquatic resources are at risk, and
because the costs of compliance, especially for existing
facilities, can be extremely high. Interestingly, §316(b) does
not define the term ‘‘adverse environmental impact.’’
Throughout the 1970s, the term was understood by most
scientists involved in environmental impact studies to refer to
adverse changes in the abundance or productivity of popula-
tions of fish or shellfish susceptible to entrainment and
impingement. Intensive field and laboratory investigations
were conducted to address impacts of entrainment and
impingement on fish populations in several major ecosys-
tems, most notably the Connecticut River (Merriman and
Thorpe, 1976) and the Hudson River (Barnthouse et al., 1988a).
Since 2001, EPA and many state agencies to whom
authority to implement §316(b) has been delegated have
issued rules in which adverse impacts have been implicitly or
explicitly defined as entrainment and impingement per se,
irrespective of whether any adverse changes in populations
can be demonstrated or predicted.
EPA asserted in the preamble to its 2004 Phase II rule that
‘‘multiple types of undesirable and unacceptable impacts may
be associated with Phase II existing facilities, depending on
conditions at the individual site.’’ The preamble cited a wide
variety of potential adverse impacts on populations and
ecosystems that could potentially result from entrainment
and impingement. EPA used data obtained from power plant
operators and other sources to estimate that annual mortality
of fish and shellfish due to entrainment and impingement at
large power plants was equivalent to a loss of 3.4 billion one-
year-old organisms. However, the literature cited to document
the occurrence of potential population and ecosystem-level
effects resulting from these losses included only two peer-
reviewed scientific paper (Boreman and Goodyear, 1988;
Summers, 1989), neither of which involved measurements
of actual population or ecosystem changes.
Yet, during the 40-year period over which rules have been
developed, challenged, and revised, power plants with once-
through cooling have been operating continuously throughout
the U.S. and Europe, many with extensive monitoring
programs. At the same time, scientists and resource manage-
ment agencies concerned about degradation of freshwater
and marine resources have conducted many studies intended
to identify causes of observed population and ecosystem
decline.
The purpose of this paper is to evaluate the scientific
validity of arguments concerning adverse impacts of entrain-
ment and impingement through a review of the peer-reviewedscientific literature on fish population depletion and on
ecosystem services. The review includes (1) peer-reviewed
literature reporting results of studies of impacts of entrain-
ment and impingement at power plants on fish populations,
(2) peer-reviewed literature and ‘‘blue-ribbon’’ commission
reports on aquatic resource degradation that evaluate causes
of observed degradation of aquatic ecosystems, and (3) EPA’s
own assessments of causes of degradation in coastal
environments. There is extensive literature on impingement
and entrainment, most prepared by or for power companies as
part of regulatory compliance activities. Similar studies have
also been performed by non-governmental environmental
organizations (NGOs). This ‘‘gray’’ literature has rarely been
independently peer-reviewed, is highly variable in quality, and
is inevitably vulnerable to charges of lack of objectivity. For
these reasons, this review is limited to literature that has been
independently and professionally peer reviewed.
The issue is not whether entrainment and impingement
could potentially have adverse environmental impacts, but on
whether any such impacts have been shown to occur over the
40 years since the enactment of §316(b), either through direct
study of power plant impacts or through studies identifying
causes of observed population and ecosystem degradation.
2. Peer-reviewed studies of adverse impacts
of entrainment and impingement
Even prior to the 1972 passage of the CWA, concerns had been
raised by both government agencies and nongovernmental
organizations about the potential impacts of entrainment and
impingement on fish populations (Barnthouse et al., 1984).
Despite these concerns, in the more than 40 years since they
were originally raised relatively few studies of adverse impacts
of entrainment and impingement on fish populations have
been published in the peer-reviewed scientific literature. The
best-known of these studies were published as American
Fisheries Society Monographs.
2.1. Connecticut River and Hudson River monographs
The Connecticut River Ecological Study, which documented
monitoring and assessment studies performed during con-
struction and early operation of the Connecticut Yankee plant
on the lower Connecticut River, was originally published
in1976 (Merriman and Thorpe, 1976). An update reproducing
the original monograph and documenting ecological studies
performed in the river after the completion of the original
study was published in 2004 (Jacobson et al., 2004). The
Connecticut River study was designed in the mid-1960s, prior
to the emergence of entrainment and impingement as a major
regulatory issue, at a time when thermal discharges were
expected to be the most important causes of adverse impacts
on receiving water bodies. Hence, much of the study focused
on impacts of Connecticut Yankee’s thermal plume. Entrain-
ment monitoring was conducted, however, and the study
estimated that 4% of fish eggs and larvae passing by the plant
could be entrained. The study authors drew no inferences
concerning the impacts of entrainment on adult populations
because of lack of information concerning: (1) the natural
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capacity of the river system.
The updated study (Jacobson et al., 2004) documented
results of 37 years of monitoring and research conducted
following the completion of the original study, including the
entire remaining period of operation of Connecticut Yankee,
which ceased commercial operation in 1996. Major changes in
the Connecticut River fish community documented in this
monograph include decreased abundance of native alosids
(alewife, blueback herring, and American shad), increased
abundance of alosids native to mid-Atlantic and southern
rivers (gizzard shad and hickory shad), and a shift in the
relative abundance of different catfish species. None of these
changes were attributed to the operation of Connecticut
Yankee, and the authors concluded that there is no evidence
that plant operations had any long-term impact on the ecology
of the lower Connecticut River.
Environmental research and assessment studies addres-
sing impacts of entrainment and impingement at multiple
power plants located on the lower Hudson River, New York
were documented in a 1988 monograph (Barnthouse et al.,
1988a). In contrast to the Connecticut River study, the
emphasis of the Hudson River studies was on quantifying
the impacts of entrainment and impingement on populations
of juvenile and adult fish. Species addressed included striped
bass, white perch, Atlantic tomcod, bay anchovy, alewife,
blueback herring, and American shad. Most of the data used in
the quantitative assessments, however, was collected over a
3-year period (1974–1976) when the power plants (Indian Point
Units 2 and 3, Bowline Point Units 1 and 2, and Roseton Units 1
and 2) that were the focus of the assessments had just begun
operation. Hence, most of the papers in the monograph deal
with either estimated impacts on individual year classes or
potential long-term impacts on adult populations. The
estimated reductions in individual year classes (Boreman
and Goodyear, 1988; Barnthouse and Van Winkle, 1988) ranged
approximately from 10% to 20%. These mortality rates,
although by no means negligible, were judged by both agency
and utility scientists to be substantially smaller than mortality
rates routinely sustained by many harvested species (Barnt-
house et al., 1988b). The settlement agreement that ended
litigation between EPA, the State of New York, and the Hudson
River utility companies required a variety of mitigation
measures to reduce entrainment and impingement, but did
not require closed-cycle cooling (Barnthouse et al., 1988b). The
river-wide monitoring program that provided the data used in
these studies has continued through the present, and subsets
of the data have been used in several peer-reviewed publica-
tions (Barnthouse et al., 2003a; Strayer et al., 2004; Heimbuch,
2008; Barnthouse et al., 2009), however, no publications have
used these data to address long-term impacts of entrainment
and impingement at Hudson River power plants.
2.2. Other studies using population models and site-
specific data
Jensen (1982) used conventional fishery assessment models to
quantify the impact of entrainment and impingement at the
Monroe power plant in southeastern Michigan on the yellow
perch stock in the western basin of Lake Erie. He concludedthat entrainment and impingement at Monroe would cause
only a 2–3% impact on the equilibrium biomass of the yellow
perch population. In contrast, fishing this population at the
level associated with maximum sustainable yield (annual
harvesting of 35% of the population) would reduce the
equilibrium biomass of the population by 50%. In a related
paper, Jensen et al. (1982) used the same types of models to
quantify impacts of entrainment and impingement at 15
power plants on alewife, rainbow smelt, and yellow perch
populations in Lake Michigan. The authors concluded that
impacts of entrainment and impingement on the biomass of
all three species were small: 0.28% for yellow perch, 0.76% for
rainbow smelt, and 2.86% for alewife.
Lorda et al. (2000) used a model of the Niantic River,
Connecticut winter flounder population to evaluate combined
impacts of entrainment, impingement, and fishing on future
trends in the abundance of this population. The model was
parameterized using 25 years of data on entrainment and
impingement of winter flounder at the Millstone Nuclear
Power Station and a similar time series of data on the
abundance and age structure of the population of winter
flounder that spawns in the Niantic River. Lorda et al. (2000)
found that the influence of fishing on the abundance of this
population was much larger than the influence of entrainment
and impingement. According to these authors, by 1995 fishing
had reduced the biomass of the Niantic River winter flounder
spawning stock by nearly 90%, from an un-fished level of
120,000 lbs to less than 15,000 lbs. Because of the high level of
fishing mortality, reducing entrainment at Millstone by 50%
would increase the spawning population by only about 9%.
The conclusion of Lorda et al. (2000) concerning fishery
impacts is consistent with the findings of the National Marine
Fisheries Service (NEFSC, 2011), which has concluded that the
Southern New England-Mid Atlantic winter flounder stock, of
which the Niantic River population is a component, has been
severely depleted by overfishing.
Barnthouse et al. (2003b) used a combination of long-term
monitoring data and population-level assessment models to
address impacts of 25 years of operation of the Salem
Generating Station in New Jersey on fish populations and
communities in the Delaware Estuary. Trends analyses found
no evidence that entrainment and impingement at Salem had
caused reduction in either the diversity of the Delaware
Estuary fish community or the abundance of key fish
populations. To the contrary, statistically significant increases
in one of the two community metrics evaluated and in the
abundances of susceptible fish species such as weakfish,
striped bass, and American shad were observed. Model
analyses showed that the impacts of entrainment and
impingement on weakfish and other harvested fish popula-
tions was small compared to the impacts of fishing. Although
finding no evidence for impacts caused by Salem’s operations,
Barnthouse et al. (2003b) found strong evidence that many
Delaware Estuary fish populations had increased in abun-
dance following improvements in water quality and reduc-
tions in harvests that occurred between 1975 and 1998.
Henderson et al. (1984) used 11 years of data on impinge-
ment of sand smelt at the Fawley Power Station, Hampshire,
UK to assess impacts of age-selective impingement on the age
distribution of local sand smelt population. These authors
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concluded that the operation of Fawley Power Station had
no significant effect on the long-term stability of this
population.
Perry et al. (2003) used population models to evaluate
impacts of entrainment and impingement at six Ohio River
power plants on local populations of bluegill, freshwater
drum, emerald shiner, gizzard shad, sauger, and white bass.
The models were parameterized using annual estimates of (1)
entrainment and impingement from each power plant and (2)
the abundance of the target populations in the navigational
pools on which the plants are sited. Given available data
concerning year-to-year variability in the abundance of these
populations, the model was used to determine whether, if
there had been no entrainment and impingement, a measur-
able increase in the abundance of each population could have
occurred. Results indicated that the abundance of 6 of the 22
local populations examined might have been measurably
higher, if there had been no entrainment and impingement.
However, the authors noted that these predicted increases
were small compared to changes caused by habitat modifica-
tion, water quality, floods, droughts, and temperature
extremes.
Heimbuch et al. (2007a) used population models to assess
impacts of entrainment and impingement at the Poletti Power
Project on winter flounder and Atlantic menhaden popula-
tions in the New York/New Jersey Harbor Estuary and Long
Island Sound. These authors found reductions in abundance
due to entrainment and impingement of only 0.09% for winter
flounder and 0.01% for Atlantic menhaden as a result of
entrainment and impingement at Poletti.
Nisbet et al. (1996) modeled the potential impact of
entrainment of fish larvae by the San Onofre Nuclear
Generating Station (SONGS) on fish populations in the
Southern California Bight. They concluded that, depending
on assumptions made concerning the strength of density-
dependence, the standing stock of local queenfish and white
croaker populations could be reduced by about 13% and 6%,
respectively. No estimates of impacts of fishing on these
populations were available, and no data on abundance trends
were available for determining whether any reductions in
abundance had occurred.
Ehler et al. (2003) used predictive models and population
trends data to evaluate impacts of entrainment at the Diablo
Canyon Power Plant on the central California coast on rockfish
and kelpfish populations in the vicinity of the plant. Based on
relatively high station-related mortality predicted by the
model and a decline in abundance following start-up of the
plant, the authors concluded that entrainment could have had
an adverse impact on local clinid kelpfish populations. Ehler
et al. (2003) had no information concerning other influences on
clinid kelpfish, because these fish are not harvested and little
is known about their life history.
It should be noted, however, that White et al. (2010)
recently challenged the assumptions underlying the assess-
ment approach used by Ehler et al. (2003) and others to
addressed impacts of entrainment at California coastal power
plants. White et al. (2010) explicitly simulated the dispersal
and settlement processes of larvae spawned by bottom-
dwelling fish in the vicinity of cooling water intake structures.These authors found that because of density-dependent post-
settlement mortality, entrainment of larvae generally had
only minor effects on adult population density. Compared to
the spatially explicit model used by these authors, the
approach used by Ehler et al. (2003) and others consistently
overstated entrainment impacts. White et al. (2010) found that
entrainment of larvae could only threaten the persistence of a
local population if adult densities were already reduced to low
levels by other stressors.
2.3. Studies comparing equivalent adult losses to
commercial landings
The ‘‘equivalent adult’’ model is an assessment approach that
uses estimates of rates of mortality of fish at different ages to
express losses of early life stages of fish in terms of the number
of fish entrained or impinged that would otherwise have
survived to adulthood (EPRI, 2004). Some authors have
addressed adverse impacts of entrainment and impingement
by comparing estimates of impingement and entrainment
losses, expressed as equivalent adults, to commercial fishery
landings. As discussed in EPRI (2004), equivalent adult
estimates are often highly uncertain, because of the difficulty
of accurately estimating mortality rates of early life stages of
fish. Moreover, equivalent adult estimates are usually conser-
vative, because they do not account for density-dependence of
early life stage mortality (Rose et al., 2001). In addition, this
simple comparative approach involves neither long-term
trends analysis of population-specific data nor explicit
modeling of population dynamics. For this reason, the
equivalent adult approach is best viewed as a screening
approach suitable for identifying situations in which an
adverse impact might occur. Without other supporting
information, it cannot demonstrate whether or not an adverse
impact due to entrainment and impingement is occurring or
has occurred.
Saila et al. (1997) used equivalent adult models to address
impacts of entrainment and impingement on pollock, red
hake, and winter flounder entrained and impinged at the
Seabrook Station, New Hampshire. These authors found that
for the years 1990–1995 the maximum number of equivalent
adult pollock entrained and impinged at Seabrook in any year
was 136 fish, and the maximum number of equivalent adult
red hake impinged and entrained in any year was 801 fish.
Estimated numbers of equivalent adult winter flounder were
higher, up to 4401 fish in 1991. According to the authors, this
total, representing less than 2 metric tons of biomass, was
equivalent to 3 days of average catch by a typical class 2
trawler in the Gulf of Maine.
Turnpenny (1988), Turnpenny and Taylor (2000), and
Greenwood (2008) used a similar approach to quantify impacts
of impingement at power plants in the United Kingdom. All
three of these studies found that impingement at power plants
was equivalent only a few percent of commercial harvests.
2.4. Studies of cumulative impacts of entrainment and
impingement
At least in principle, impacts of entrainment and impinge-
ment on marine fish populations with coastwide distributions
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water withdrawals that could affect each species.
To address the issue of cumulative impacts, the Atlantic
States Marine Fisheries Commission (ASMFC) established a
‘‘Power Plant Committee’’ to investigate the feasibility of
coastwide assessments, using Atlantic menhaden as a test
case. As reported by Heimbuch et al. (2007b), the committee
found that insufficient entrainment and impingement data
were available to perform a scientifically credible assessment,
and concluded that it would not be scientifically defensible to
extrapolate entrainment and impingement estimates be-
tween power plants. The committee developed a model that
could be used to link entrainment and impingement mortality
to the Atlantic menhaden stock assessment model used by the
ASMFC, but could only demonstrate the use of the model with
hypothetical entrainment and impingement data.
Using admittedly incomplete data, Newbold and Iovanna
(2007) modeled the cumulative impacts of entrainment and
impingement mortality at all U.S. coastal power plants on 15
harvested marine fish populations. These authors utilized
entrainment and impingement loss estimates developed by
EPA (2002, 2004) to support the 316(b) Phase II rulemaking,
together with harvest data obtained from the National Oceanic
and Atmospheric Administration (NOAA) and life history
information obtained from EPA and other sources. Density-
dependent population models developed using this informa-
tion were used to estimate the increase in population
abundance that could occur if all entrainment and impinge-
ment were eliminated. According to the models, eliminating
entrainment and impingement of California American shad,
California anchovy, Atlantic cod, Atlantic herring, Atlantic
mackerel, pollock, scup, silver hake, summer flounder, and
winter flounder would increase the abundance of these
species by less than 1%. Eliminating entrainment and
impingement of Atlantic American shad and Atlantic menha-
den would increase the abundance of these species by 1–3%.
Eliminating entrainment and impingement of California
striped bass, Atlantic striped bass, and Atlantic croaker would
increase the abundance of these species by 20–80%. These
results appear questionable because, in contrast to most of the
species included in Newbold and Iovanna’s (2007) study,
populations of Atlantic striped bass and Atlantic croaker have
grown substantially since 1980 (Richards and Rago, 1999;
ASMFC, 2010) in spite of ongoing entrainment and impinge-
ment.
Since entrainment and impingement mortality rates in the
model used by Newbold and Iovanna (2007) are estimated
through model calibration, there is no simple way to
determine the source of these very high values. However, it
should be noted that the entrainment and impingement loss
rates estimated by USEPA (2002, 2004) and used by Newbold
and Iovanna (2007) were obtained by extrapolating entrain-
ment and impingement estimates from power plants with
available data to plants with no available data based on
relative intake flows. This procedure was acknowledged by the
authors to have introduced potentially large and unknown
uncertainties. Newbold and Iovanna (2007) characterized their
analysis as a ‘‘screening’’ analysis and did not claim to have
accurately estimated the impacts of entrainment and im-
pingement on any of the modeled populations.3. Causes of adverse impacts documented in
peer-reviewed literature and ‘‘Blue Ribbon’’
commission reports
The status of fishery resources, especially marine resources,
has been a matter of great national concern for many years. In
contrast to the paucity of papers documenting adverse
impacts of power plants on fish populations and on aquatic
ecosystems in general, the peer-reviewed scientific literature
documents many cases of large, often catastrophic changes in
fish populations and communities resulting from eutrophica-
tion, invasive species introductions, and overfishing. Over the
past 20 years, this literature has been reviewed and synthe-
sized by a variety of expert committees. Despite the regulatory
attention paid to §316(b) issues during this period, none of
these committees identified entrainment and impingement as
major environmental threats. Reports prepared by two
especially prestigious organizations, the Pew Oceans Com-
mission and the National Research Council, are highlighted
here.
3.1. Pew Oceans Commission
In 2003, the Pew Oceans Commission evaluated scientific
information and policy options for dealing with nine major
threats to marine resources: nonpoint source pollution, point
source pollution, invasive species, aquaculture, coastal devel-
opment, overfishing, habitat alteration, bycatch, and climate
change. Most of these same threats were also discussed in a
report by the U.S. Commission on Ocean Policy (2004).
The Pew Oceans Commission report was accompanied by
supporting reports documenting adverse effects of over-
fishing, pollution, urban sprawl, invasive species, and aqua-
culture on marine ecosystems (Dayton et al., 2002; Beach, 2003;
Boesch et al., 2003; Carlton, 2003; Goldburg et al., 2003). The
Pew Commission report and supporting documents contain
many policy recommendations intended to address all of the
above impacts, but made no mention of or recommendations
with respect to cooling water withdrawals at power plants or
other industrial facilities.
3.2. National Research Council reports
The U.S. National Research Council (NRC) has published
studies relevant to most of the causes of impact discussed in
the Pew Commission report. Such reports are typically
commissioned by federal agencies to address scientifically
complex and politically contentious issues that are believed to
be of national importance. For example, a 1995 NRC (NRC,
1995) identified five threats to the biodiversity of marine
ecosystems: overfishing, chemical pollution and eutrophica-
tion, physical habitat alteration, invasions of exotic species,
and global climate change. Three studies addressed adverse
impacts of overfishing (NRC, 1998, 1999, 2006). Two studies
addressed impacts of invasive species (NRC, 1996, 2008a). Two
studies addressed inputs of nutrients and hazardous chemical
pollutants to coastal marine waters (NRC, 2009, 1993). One
study (NRC, 2008b) addressed impacts of habitat disturbance
caused by marine debris. No agency has ever asked the NRC to
Fig. 1 – Comparative effects of natural mortality, power-
plant related mortality and fishing mortality on the
abundance of a cohort of striped bass, from age 1 through
age 15. The abundance of one-year-old striped bass is
assumed to be reduced by 10% due to entrainment and
impingement occurring during the first year of life.
Declines in abundance during subsequent years occur due
to natural mortality and fishing mortality (ASMFC, 1998).
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populations or ecosystems.
4. EPA National Coastal Conditions Reports
The conclusions reached in the reviews discussed above are
largely supported by the EPA’s own review of coastal
environmental conditions, contained in a series of National
Coastal Conditions reports. The third and most recent of these
reports, termed ‘‘NCCR III,’’ was published in 2008 (USEPA,
2008). This report which assesses the condition of all U.S.
coastal waters, is a collaborative effort involving EPA, NOAA,
the U.S. Fish and Wildlife Service, the U.S. Geological Survey,
and other agencies representing states and tribes. It is
intended to provide a snapshot of coastal conditions in 2001
and 2002. An update, including data collected through 2006, is
currently in review.
NCCR III, like the two earlier reports, uses five indices to
evaluate the quality of coastal conditions: water quality,
sediment quality, benthic community composition, coastal
habitat condition, and fish tissue contamination. In addition to
the five coastal condition indices, NCCR III summarizes
information on overharvesting of fish species in waters
bordering the U.S. coastline. Entrainment and impingement
are not discussed as potential influences on coastal condi-
tions. Chapter 9 of NCCR III provides a detailed evaluation of a
particular site, Narragansett Bay, Rhode Island, with respect to
human uses and specific sources of environmental degrada-
tion. This is the only chapter that mentions electric power
production. The impact of the thermal discharge from the
Brayton Point station on the local winter flounder fishery is
discussed, but entrainment and impingement are not men-
tioned.
5. Discussion
The diverse literature on the condition of aquatic resources,
including studies of both marine and freshwater ecosystems
throughout North America, consistently identifies overfishing,
habitat destruction, pollution, and invasive species as being the
predominant causes of past and present impairment of fish
populations and the ecosystems that support them. In those
few cases where impacts of entrainment and impingement
have been specifically investigated, such impacts have rarely
been found. Some model-based studies (Nisbet et al., 1996; Perry
et al., 2003) have suggested that potentially significant impacts
might occur, but in only one study, of clinid kelpfish entrained at
the Diablo Canyon Power Plant (Ehler et al., 2003), have authors
cited empirical data to support a conclusion that a significant
impact of entrainment and impingement on a local population
may be occurring. Even in this case other authors (White et al.,
2010) have found that the method used to reach this conclusion
is flawed and overstates impacts.
It is difficult to compare entrainment and impingement
to most of the stressors identified as significant causes of
fish population decline. Entrainment and impingement
do not impair the ability of habitat to support fish, due to
either physical or chemical alteration. Entrainment andimpingement are, however, comparable to fishing in that
both processes act through removal of fish from populations.
Although entrainment and impingement generally remove
fish at an earlier age than does fishing, impacts of both can be
expressed in terms of annual mortality rates, which then can
be compared.
A simple example serves to illustrate why fishing is such a
powerful influence on fish populations, as compared to
entrainment and impingement. Boreman and Goodyear
(1988) estimated that entrainment mortality of striped bass
due to all Hudson River power plants in 1974 and 1975 ranged
from 0.068 to 0.13, equivalent to reducing the sizes of the 1974
and 1975 year classes by 6.8% to 13%. No estimates of fishing
mortality for striped bass during this period are available,
however, the current target fishing mortality rate established
by the ASMFC is 0.3 (ASMFC, 2003). Hudson River striped bass
are susceptible to entrainment for only a few months, and to
impingement primarily during their first year of life. In
contrast, striped bass first become susceptible to fishing at
an age of 2 years and become fully recruited to the fishery at
age 5 (ASMFC, 1998). They continue to be susceptible to
fishermen for the remainder of their lifespan of up to 30 years.
The consequences of this pattern of mortality are illustrated in
Fig. 1 Natural mortality in age 1 and older striped bass is
believed to be approximately 15% per year (ASMFC, 1998).
Given this mortality rate, out of every 1 million 1-year-old fish,
122,000 would still be alive after 15 years. If power plants
reduced the initial number of one-year-old fish by 10% to
900,000, 110,000 fish would still be alive after 15 years. If,
instead of entrainment and impingement, the fish are subject
to fishing mortality according to the vulnerability schedule
and target fishing rate established by the ASMFC, then only
4800 fish would still be alive after 15 years.
It is often said that it is impossible to prove a negative.
Although adverse impacts due to entrainment and impinge-
ment have not been conclusively documented in published
e n v i r o n m e n t a l s c i e n c e & p o l i c y 3 1 ( 2 0 1 3 ) 1 4 9 – 1 5 6 155studies, this absence does not prove that adverse impacts are
not occurring or could never occur. It can always be argued that
the statistical power of tests used in environmental impact
studies is simply too low to detect reductions in abundance,
even reductions that are large enough to warrant regulatory
action. However, the rarity of documentation of such impacts,
after 40 years of operation of large power plants, some of which
have been conducting extensive monitoring programs for
several decades, provides substantial evidence that impacts
related to entrainment and impingement are generally small
compared to impacts identified by the Pew Oceans Commission
(2003) and other sources as being major threats to aquatic
ecosystem integrity. Most importantly, there is no scientific
evidence to support a conclusion that reducing entrainment
and impingement via aggressive regulation of cooling water
intakes will result in measurable improvements in recreational
or commercial fish populations. A more nuanced regulatory
approach involving site-specific evaluations of costs and
benefits of reducing entrainment and impingement would be
more consistent with the available facts.
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